We compared the intensity of staining of interstitial cells (ICs) and neural tissue in the lower urinary tract of rabbits with diabetes with the intensity in normal subjects. Diabetes was induced by injecting alloxane (65mg/kg) in adult male rabbits. After 3 days, rabbits with a blood glucose level >300 mg/dL were considered to have diabetes. After 8 weeks, the rabbits were killed, and tissue specimens from the bladder, prostate and urethra were obtained. ICs were stained with anti-human CD117 (c-kit) rabbit polyclonal antibody, and neural tissue was stained with synaptophysin. The streptavidin-biotin method was used for immunohistochemical staining. The intensity of c-kit and synaptophysin staining were scored as negative (0), weak (+), moderate (++), and strong (+++). Staining intensity of ICs and neural tissue was assessed and compared in tissues obtained from rabbits with diabetes (n=8) and from control subjects (n=7). Although staining intensity of both ICs and neural tissue was found to be significantly decreased in the bladder tissue of rabbits with diabetes compared to that in the control group (p=0.0001 [ICs] and p=0.021 [neural tissue]), no significant differences in staining intensity of ICs and neural tissue in the urethra and in the prostate was found when rabbits with diabetes were compared to the control group. Diabetes may cause dysfunction of the lower urinary tract, particularly in the urinary bladder, as shown by the staining intensity of ICs and neural tissue.
Introduction
Diabetes is an important disease affecting many people worldwide. Approximately one-quarter of patients admitted to a hospital have been reported to have diabetes [1] . Dysfunction of the urinary bladder is a major complication of diabetes, and the underlying mechanism has been suggested to be neurological in origin, involving autonomic or peripheral nerves or both [2] . This results in deterioration of contractions of the detrusor muscle and formation of an acontractile bladder in the long term [1] . Previous studies have demonstrated that diabetes can lead to nerve-function disturbances, loss of innervation of the neuromuscular nerve terminal, and altered sympathetic/parasympathetic innervation [2] [3] [4] . Diabetes can also cause functional and anatomical abnormalities of the external urethral sphincter [5] [6] [7] .
Cells morphologically resembling interstitial cells of Cajal (ICC) that are present in the gastrointestinal system have also been described in the human urinary bladder Cent. Eur. J. Med.
• 5(1) • 2010 • 108-114 DOI: 10.2478/s11536-009-0064-z [8] . It has been suggested that interstitial cells (ICs) in the urinary tract could function as pacemaker cells in a way similar to the ICC in the bowel, and they are located strategically in a network beneath the urothelium, particularly making close contact with unmyelinated nerve axons [8] [9] [10] . ICs have been suggested to function as stretch or chemical sensors that might trigger detrusor contractions, leading to the development of symptoms in the lower urinary tract [8] [9] [10] . It has been suggested that the frequency of tonic contractions of the urethral smooth muscle is modulated by ICs [11] . However, the function of ICs in the prostate is yet unclear. The close interrelationship of ICs and nerve axons in the urinary tract suggest that these two cellular components may work together to modulate the smooth-muscle function in the lower urinary tract [8] [9] [10] .
We have therefore investigated and compared the staining intensity of ICs and neural tissue present in the lower urinary tract of rabbits with diabetes with that of normal subjects.
Material and Methods
The local Animal Care and Ethics Committee approved the experiment, and the instructions and policies of this committee were adapted from the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No: 85-23, revised 1996).
Induction of diabetes
Diabetes was induced by intravenous injection of alloxane (65 mg/kg) through the lateral ear veins of adult male rabbits weighing between 2.5 and 3 kg. Following alloxane administration, 10 mL of 5% glucose solution was injected intravenously to prevent hypoglycemia. During the first 24 hours, a 10% glucose solution was given in drinking water. After 3 days, rabbits with a blood glucose level > 300 mg/dL were regarded as having diabetes. Intravenous saline was administered instead of alloxane to the control group.
Eight weeks after alloxane administration, the rabbits were killed by the administration of pentobarbital (35 mg/kg) through the lateral ear veins. An abdominal midline incision was made to remove the urinary bladder, prostate, and urethra from the rabbits with diabetes (n=8) and from the control (n=7) group.
Histopathological evaluation
C-kit is a specific marker for ICs [6] , and synaptophysin is a major protein of membrane neurotransmittercontaining vesicles that is used as a neurofilament marker for neural tissue [12] [13] [14] . Therefore, we used CD117/c-kit (Diagnostic BioSystems [DBS] RP063) and synaptophysin (Diagnostic BioSystems RP036) to identify and stain ICs and neuronal structures, respectively.
Immunohistochemical procedure
The protocol was followed according to the manufacturer's recommendations for room temperature. The sections, 5-micrometers thick, were deparafinized in xylene for 60 minutes. After the slides were air-dried, they were progressively dehydrated in decreasing concentrations of alcohol (99%, 95%, 80%, 70%; each for 5 minutes); the sections were immersed in 3% H 2 O 2 in distilled water for 10 minutes at room temperature to block endogenous peroxidase activity. Phosphate buffered solution (PBS) (pH=7.4) was used for all subsequent washes. The slides were heated in the microwave (400 watts) for 20 minutes in citrate buffer (pH=6.0). After nonspecific binding was blocked with blocking reagent for 5 minutes, primary antibodies were applied at 1:100 dilutions at room temperature for 60 minutes (monoclonal antibodies to c-kit [DBS] and synaptophysin [DBS]). A universal kit was used with the rabbit/mouse streptavidin biotin technique (DBS). Visualization of the bound primary antibodies was performed with diaminobenzidine solution (Sigma Chemical Co., St. Louis, MO, USA) as a chromogen and counterstained with Mayer's hematoxylin. PBS without the primary antibody was used as negative control, and a separate positive control slide, which was shown previously to be strongly positive, was used for each antibody.
Evaluation of immunostaining
The pathologist (SA) who evaluated the immunohistochemical (IHC) analysis was blinded to the properties of the slide. The intensity of c-kit and synaptophysin staining was scored as negative (0), weak (+), moderate (++), and strong (+++) (15-18).
Statistical analysis
Statistical analyses of the c-kit and synaptophysin immunostaining between the groups were performed with the chi square test with use of the commercially available software Scientific Package for Social Sciences (SPSS, 10.0, Chicago, IL). P values smaller than 0.05 were considered statistically significant. Does diabetes affect the intensity of staining of interstitial cells and neuronal tissue in the bladder, prostate and urethra of rabbits?
Results
Weak (+) c-kit staining of ICs in the urethra was observed in both the diabetic and control groups (Table 1 ) (Figure 1a ). Weak (+) c-kit staining of ICs in the prostate was observed in both the diabetic and control groups (Table 1 ) (Figure 1b ).
Weak (+) synaptophysin staining of the neural tissue in the urethra was observed in both the diabetic and control groups (Table 2) . We did not detect synaptophysin staining of neural tissue in the prostate of either the diabetic or control group (Table 2) .
Weak (+), moderate (++), and strong (+++) c-kit staining of ICs in the bladder was observed in both the diabetic and control groups (Table 1 ) (Figure 2a and 2b) . Staining intensity of ICs was found to be significantly decreased in the bladder of rabbits with diabetes compared to the staining intensity of the ICs of the control group (p=0.0001).
Weak (+) and moderate (++) synaptophysin staining of neural structures in the bladder was observed in both the diabetic and control groups (Table 2) (Figure 3a and 3b). Staining intensity of neural tissue was found to be significantly decreased in the bladder of rabbits with diabetes compared with the staining intensity in the control group (p=0.021). For the prostate and urethra, similar staining intensity of ICs and neural tissue was detected (p>0.05) ( Tables 1 and 2) .
Both ICs and neural tissue were detected at the submucosal and detrusor layers of the bladder and urethra. ICs had a fusiform cell body with a large oval nucleus and bipolar dendritic processes (Figure 2a ).
Discussion
Diabetes affects many people worldwide, and dysfunction of the lower urinary tract is a serious complication of diabetes that adversely affects patients' quality of life. Although the phenomenon of diabetes-related dysfunction of the lower urinary tract is well recognized, its pathogenesis is not well understood.
Diabetes is known to cause urinary-tract disturbance by affecting neurological function of both the autonomic and peripheral nervous systems [2] . Specifically, impaired nerve deficiencies, disturbances in nerve function, loss of neuromuscular nerve terminal, and altered sympathetic/parasympathetic innervation are known to be responsible for this phenomenon [2] [3] [4] . Recent scientific evidence suggests that ICs form a network in the urinary tract and make close contact with nerves [8] [9] [10] . This suggests that ICs and nerves work together to regulate function of the lower urinary tract (Figure 4) . ICs have been suggested to function as pacemaker cells in response to stretch or chemical sensors modulating detrusor contractions [8] [9] [10] . It has also been reported that ICs play an important role in modulating frequency and tone of urethral smooth muscle [11] . To our knowledge, no report in the English literature (PubMed/Medline) has investigated the influence of diabetes on ICs and neural tissue concomitantly in the lower urinary tract including the urethra, prostate, and bladder. Several investigators have reported that diabetes can cause mitochondrial dysfunction and reduction of the functional capacity of mitochondria at the cellular level [19, 20] . It has been shown that ICs have abundant mitochondria and caveolae in their cytoplasm [11] . In our study, the decrease in the intense staining of ICs particularly in the bladder may be caused by mitochondrial dysfunction of the ICs. Further research with electron microscopy may elucidate this relationship. It has been demonstrated that diabetes leads to degeneration of nerve fibers in the bladder [2, 20] . In support of the literature, we also detected in our study decreased staining intensity of neural tissue, evaluated by synaptophysin staining of the bladder tissue.
Some authors have referred to ICs of the urinary tract as myofibroblasts with distinctive features such as bipolar cell bodies and multiple projections at their ends [11] . ICC-like cells have been shown to contract spontaneously or produce large outward currents when depolarized. This suggests that they influence spontaneous bladder activity [21] . Similarly, in our study, we have detected ICs at the submucosa and detrusor layers of the bladder and urethra with fusiform cell bodies, large oval nucleus, and bipolar dendritic processes. In addition to c-kit, vimentin can be used as a marker in the immunohistochemical analyses of ICs [18] . Mast cells, which can also be present in the lower urinary tract, may stain positively with c-kit. However, they can be easily distinguished from ICs by their round cell body, round nucleus, and cellular appearance.
We are currently planning to evaluate the distribution of these cells (ICs and neural tissue) in the entire urinary tract of humans, including in the ureters, bladder, prostate and in the urethra of patients with diabetes and normal subjects, with use of cystectomy materials. Another area for research may be the evaluation of the effects of diabetes on the urinary tract by organ bath experiments with the same tissue (diabetes and controls) as we used for our immunochemical investigations. It is known that organ bath experiments are the gold standard for functional evaluation of contractile tissue such as that in the urinary tract [22] [23] [24] . The urinary bladder and urethra are innervated by cholinergic (parasympathic), adrenergic (sympathic), and non-adrenergic noncholinergic pathways (NANC) [23, 24] . Therefore, it would be interesting to know to what extent diabetes affects the contractile responses in these tissues through the intensity of staining of neural tissue and ICs, as we demonstrated in our study. Another research topic that would relate beneficially to our study would be the investigation and comparison of the number and density of receptors (i.e., cholinergic muscarinic, alpha adrenergic, and purinergic) in these tissues with those in subjects with diabetes versus those in controls.
It is suggested that ICs coordinate the electrical activity of adjacent smooth muscle cells by generating pacemaker signals that propagate via gap junctions to the muscle cell in the gut and other smooth muscle tissues [11, 25] . In the gastrointestinal tract, ICs were demonstrated to be intercalated between nerve terminal and smooth muscle cells. These signals may transduce signals from neurotransmitters and thus mediate neurotransmission [26] . Similarly, ICs in the human urinary tract, including the bladder, prostate and the urethra, have also been shown to form a strategic network beneath the urothelium that, in particular, makes close contact with nerve axons [8] [9] [10] . These findings, in addition to ours, suggest that ICs play an important functional role in the entire urinary tract.
Some studies have evaluated the functional significance of ICs in experimental animal studies. Collins et al demonstrated that ICs in isolated strips of rabbit bladder free of urothelium express cyclooxygenase as a cause of spontaneous rhythmic contraction, suggesting the functional importance of these cells in the lower urinary tract and their significance in certain diseases such as overactive bladder and interstitial cystitis [27] . Johnston et al showed in the guinea pig that bladder detrusor ICs, both as isolated cells and within whole tissue preparations, respond to cholinergic stimulation by firing Ca(2+) transients [28] . In rabbit urethra, Lyons et al demonstrated kit-positive ICs within the smooth muscle layers, in association with nerves, on the edge of smooth muscle bundles, and in the interbundle spaces. These authors suggested that the contact with nNOS-containing neurones implies participation in the nitrergic inhibitory neurotransmission of the urethra [29] . Moreover, McCloskey showed that ICs from the guineapig detrusor possess inward currents with characteristics typical of L-type Ca2+ current, with a component of inward Ca2+ current that was resistant to nifedipine but sensitive to Ni2+ [30] . These experimental studies all suggest that ICs present in the urinary tract have an important role in lower urinary tract function.
Urinary bladder dysfunction is commonly seen in humans, particularly in cases of long standing diabetes, which is associated with alteration of smooth muscle contraction of the bladder [31] . Bladder underactivity, which includes decreased contractility, increased capacity, increased residual urine, and impaired sensation, is characteristic of the bladder dysfunction seen in the majority of patients with diabetes [32, 33] .
However, detrusor overactivity can be seen in up to 30% of patients with diabetes [34] . Therefore, the results of our experimental study could explain to some extent the etiology of bladder underactivity or contraction disorders seen in patients with diabetes. On the other hand, one should interpret the results of our study cautiously, because it is an animal study that might not reflect the same situation in humans. Therefore, further research involving human tissues is warranted.
In conclusion, ICs and neural structures are present in the urinary tract in rabbits. Diabetes seems to affect the staining intensity of ICs and neural tissue, particularly in the urinary bladder. The resultant dysfunction of the lower urinary tract warrants further research.
